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NONDESTRUCTIVE TESTING APPARATUS

CROSS REFERENCE TO RELATED
APPLICATTION

This 1s a continuation of International Application PCT/
JP99/04'719, with an international filing date of Aug. 31,
1999,

TECHNICAL FIELD

This invention relates to a nondestructive testing appara-
tus for 1nvestigating, managing and evaluating construction
and degradation of a structure or a material such as concrete
in a building and an engineering work.

BACKGROUND ART

In order to enforce nondestructive testing of a concrete
structure by using an elastic wave, 1t 1s necessary to pre-
cisely detect a reflection wave or a ftransmission wave
propagating through the interior of the concrete. Namely, in
view of a magnitude of a bridge, a road, dam, a building or
the like to be 1nspected, a wave transmitter 1s required to
have an ability to effectively 1njecting, into the measurement

[

object, the elastic wave 1n the level of a frequency of
vibration detectable even if the wave transmits the interior of
the concrete for several tens cm to several tens m. Unlike a
uniform material such as metal, in case of the concrete, 1f an
acoustic wave 1n the band of about several MHz to be used
for a metal material 1s introduced 1nto the concrete, the
attenuation 1s severe and the reach distance 1s short. Thus, it
1s 1mpossible to use this acoustic wave for the concrete. For

this reason, the band from several tens Hz to several tens
kHz has to be utilized.

Conventionally, 1n the nondestructive testing of such a
engineering building structure made of concrete, the mea-
surement of the acoustic velocity or a thickness of the
measurement object and an inference of an i1nterior structure
or a position of an abnormal portion are performed by a
impact elastic wave method using an impact hammer, and by
supersonic tests such as a pulse reflection method 1n which
a probe using a piezoelectric vibrator 1s used as a wave
fransmitter for a supersonic wave, a transmission method
and a resonance method.

The piezoelectric material constituting the piezoelectric
vibrator that has been extensively used as a wave transmitter
for a supersonic wave generates a strain 1n accordance with
a magnitude of an electric field. The piezoelectric vibrator
has a structure 1n which the piezoelectric material 1s sand-
wiched by electrodes and outputs a large vibration at a
frequency at which 1ts thickness corresponds to a hali-
wavelength of a longitudinal wave of the piezoelectric
material. In general, a mechanical Q value of the piezoelec-
tric material 1s high and the output etfficiency of other than
this mechanical resonance point 1s markedly degraded.
Accordingly, 1n order to obtain a vibration in the band that
1s required for diagnosis of the concrete structure, the
thickness of the piezoelectric vibrator should be several tens
cm or more. However, it 1s very difficult to structure such a
large size piezoelectric vibrator.

Namely, the probe using the piezoelectric vibrator 1s
suitable for outputting a supersonic wave having a uniform
frequency that 1s equal to or more than several tens MHz due
to 1ts characteristics. For this reason, there 1s a limit to the
measurement 1n the nondestructive testing of the concrete
structure 1n which the high frequency wave 1s remarkably
attenuated. In particular, since it 1s difficult to obtain the
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energy of a low frequency wave that 1s needed for detecting
the supersonic wave propagating through several tens m or
longer by the piezoelectric vibrator, an impact hammer, a
drop of a metal weight or the like 1s utilized.

The 1impact hammer 1s extensively used 1n a wide field for
the reasons such as 1ts simpleness and the magnitude of
impact energy. The vibration band 1s several tens kHz. It 1s
also applied to the nondestructive testing of a long and large
concrete structure. In such a concrete structure, 1n order to
obtain the reflection wave, a wave having a certain wave-
length or more 1s required. However, the reflection wave
might be buried 1n a signal of the 1impact. It 1s necessary to
suitably adjust the intensity of the impact to meet the
purpose of measurement. Namely, this largely depends upon
the experiences or a sense of the tester. On the other hand,
it 1s difficult to always keep the vibration force constant. The
waveform observed varies for every impact. This leads to
the fluctuation 1n evaluation. The vibration band 1s about 1
kHz but 1t 1s 1impossible to control the frequency as desired.
In particular, 1t 1s difficult to detect the reflection wave 1n a
short distance due to the affect of 1ts reverberation wave.

The operation of a supersonic wave testing method using,
the piezoelectric vibrator will now be described.

A pulse reflection method and a transmission method are
known as one of the measurement methods using the super-
SONIC wave.

The pulse reflection method and transmission method are
a method 1 which the pulsational supersonic wave 1s
introduced from the surface of the structure, a time period
until the reflection wave thereof comes back or a time period
until the transmission wave propagates 1s measured, the
acoustic propagation speed or the thickness or the distance
to the reflection surface of the measurement object is
obtained from the time period to thereby infer the interior
structure or the absence/presence of the damage of the
measurement object. On the other hand, the resonance
method 1s a method in which a wavelength of the supersonic
wave to be introduced into the measurement object 1s
continuously changed by sweeping the frequency of a piezo-
clectric type oscillator to measure the resonance frequency
and the plate thickness 1s measured from the frequency.

Furthermore, as a method of measuring an acoustic propa-
cgation speed or a thickness of the measurement object, there
1s a sing around method 1n which the mtroduced supersonic
wave pulse 1s detected by a wave recerver at the end face and
the detected pulse 1s used as a trigger to repeat the oscillation
of the supersonic wave pulse. According to this method, a
pulse row 1s generated at a constant cycle. This cycle 1s
identical with the delay time for the pulse to propagate
through the measurement object. It 1s therefore possible to
obtain the acoustic propagation speed or the thickness of the
measurement object.

The operation of the impact elastic wave method using the
impact hammer will now be described.

The impact elastic wave method 1s a method 1n which the
hammer impact 1s given to the measurement object so that
a proper vibration owned by the object per se 1s stimulated
and utilized mm measurement. This method may be widely
applied to a concrete, building stone, a brick material, a
timber structure, a laminated material, an underground bur-
ied object or the like and 1s widely used as a nondestructive
inspection method owing to its easiness to carry out the test.

FIG. 20 1s a view showing the constitution of the impact
clastic wave method using the hammer. In the drawing,
reference numeral 311 denotes a hammer, reference numeral
312 denotes an 1mpact receiving sensor, reference numeral
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313 denotes an elastic wave receiver, reference numeral 314
denotes a storage oscilloscope and reference numeral 315
denotes a measurement object.

The operation of the reflection wave measurement method
by hammering will now be described. The impact receiving,
sensor 312 1s applied to the measurement objective surface
of the measurement object 315 and the hammer 311 1mpacts
the surface. In order to enhance the precision of measure-
ment at this time, 1t 1s necessary to be attentive and adjust the
intensity of the impact depending upon the measurement
purpose or the material of the measurement object 315 and
make sure that the impact 1s given only once. The elastic
wave Introduced into the measurement object 315 by the
impact advances through the interior of the object 315 to be
measured while reflected at an abnormal portion such as the
confronting surface of the measurement objective surface,
an 1nternal structure or a damage or a gap, so that a part
thereof reaches the impact receiving sensor 312. The output
of the impact receiving sensor 312 passes through a filter and
the waveform of the frequency corresponding to the purpose
of measurement 1s extracted. When the pulse wave by the
impact 1s given as a trigger signal of the storage oscilloscope
314 to catch the reflection wave, the time period from the
hammer 1mpact time to the arrival of the reflection wave can
be measured. Thus, the distance up to the surface where the
reflection wave 1s generated can be obtained from the
measured time and the acoustic speed of the material.

In the conventional diagnosis of a concrete structure,
since the acoustic elastic wave 1s generated by using the
hammer or the wave sensor for the supersonic wave as
described above, there are the following problems.
Supersonic Wave Test Method
(1) The wave transmitter of the supersonic wave is suitable
for outputting the acoustic elastic wave having a frequency
of several tens kHz or more 1n view of the constitution of the
vibrator of the piezoelectric type oscillator. For this reason,
the method may be applied to the measurement for a
material that 1s small 1n attenuation within a medium, such
as metal, or a thin material. However, 1in case of a measure-
ment object such as a concrete, where the attenuation within
a medium 1s severe, the reached distance of transmission or
reflection 1s short, and 1t 1s difficult to apply the method to
the diagnosis of the long and large concrete structure.

(2) In order to identify the reflection wave, specialized
knowledge 1s necessary. In particular, in case of a compli-
cated shape or complicated internal structure, it 1s difficult to
evaluate 1t.

(3) In the case where the propagation distance is long and the
attenuation 1s severe or 1n the case where the reflection from
the internal structure or the abnormal portion or the like of
the measurement object 1s weak, the amplitude of the
reflection wave to be detected would be minute in the same
level as that of the noise. In such a case, the error would
occur 1n detection of the reflection position or the speed.
(4) Any of the methods requires special signal processing or
judgment from the shape of the reflection wave, demanding
the special knowledge.

Impact Elastic Method

(1) The hammer is bounded when the vibration is applied. As
a result, the vibration application 1s performed plural times
in a short cycle. For this reason, the reflection wave 1s hidden
in the vibration signal or the signal cannot be discriminated
from the reflection wave. Accordingly, an accurate measure-
ment 1t 1s difficult. In order to avoid these, the tester has to
be trained well for vibration application.

(2) Because the intesity of the vibration is adjusted
manually, a signal suitable for the measurement, that 1s, the
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intensity enough to attain the reflection 1s not obtained, or
the vibration 1s too high to become the intended impact
signal, for outranging the dynamic range of the amplifier or
the accelerator, and instead a complicated frequency com-

ponent 1s generated. If the frequency component 1s near the
proper vibration of the structure, an erroncous measured
value 1s presented.

(3) Namely, there is no reproducibility in vibration and
measurement result fluctuates according to the degree of
skill of the tester.

(4) In the case where the thickness of the structure is
relatively thin, a main component of the vibration by the
hammer 1s sometimes lower than the proper frequency of the
structure. In this case, the reflection wave 1s hidden by the
reverberation after the vibration application, and 1t would be
difficult to detect the reflection wave.

(5) It is impossible to perform the vibration control such as
changing the vibration application frequency as desired or
applying vibration under the feedback.

The present invention has been made to solve the above-
described problems, and an object of this invention is to
provide a nondestructive testing apparatus for a concrete
structure with which a highly reproducible, stable, highly
precise test can be performed without necessity for the skill
or experience of an operator and which 1s easy and does not
particularly require a special knowledge for evaluation.

DISCLOSURE OF THE INVENTION

A nondestructive testing apparatus 1in accordance with this
invention 1s provided with a wave transmitter for 1njecting
an acoustic elastic wave 1nto a measurement object on the
basis of a magnetically excited current, a magnetically
excited current feeding device for feeding the magnetically
excited current to the above-described wave transmaitter, a
wave receiver for detecting the acoustic elastic wave propa-
cgating through the measurement object and for outputting a
received wave signal, a filter for putting a band limit to the
above-described received wave signal, an automatically
amplifying rate controlling function-equipped amplifier for
amplifying the signal outputted from the above-described
filter to a given amplitude and for outputting the signal to the
above-described magnetically excited current feeding
device, and a signal processor for extracting from the wave
receiver a signal of an oscillation frequency of a positive
feedback loop composed of the above-described wave
transmitter, the above-described measurement object, the
above-described wave receiver, the above-described filter,
the above-described amplifier and the above-described mag-
netically excited current feeding device and for processing
the signal.

Also, 1n the nondestructive testing apparatus in accor-
dance with this invention, the above-described wave trans-
mitter 1S a magnetostrictive vibrator composed of a magne-
tostrictive element, a magnetically exciting coill and a
magnetic biasing magnet.

Also, the nondestructive testing apparatus 1n accordance
with this invention 1s further provided with a display device
for displaying the signal waveform detected by the above-
described wave receiver or the process result obtained by the
above-described signal processor.

Also, mn the nondestructive testing apparatus 1n accor-
dance with this invention, the above-described filter 1s a
variable filter for selectively extracting a single frequency
out of a plurality of resonance frequencies determined by the
shape and the internal structure of the measurement object.

Furthermore, 1in the nondestructive testing apparatus in
accordance with this invention, the above-described ampli-
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fier has a circuit for outputting the correction amount of the
amplifying rate so that the above-described signal processor
obtains the state information of the constitution of the
measurement object 1n accordance with the correction
amount.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a view showing a system configuration of a
nondestructive testing apparatus according to Embodiment 1
of this invention;

FIG. 2 1s a view showing the constitution of a wave
transmitter of the nondestructive testing apparatus according
to Embodiment 1 of this imnvention;

FIG. 3 1s a view showing a positive feedback control
system of the nondestructive testing apparatus according to
Embodiment 1 of this invention;

FIG. 4 1s a block diagram showing a feedback control
system of the nondestructive testing apparatus according to
Embodiment 1 of this invention;

FIG. 5 1s a view showing a board diagram of the positive
feedback system using a low pass {ilter 1n the nondestructive
testing apparatus according to Embodiment 1 of this inven-
tion;

FIG. 6 1s a view showing a board diagram of the positive
feedback system using a band pass filter in the nondestruc-
five testing apparatus according to Embodiment 1 of this
mvention;

FIG. 7 1s a view showing the constitution of an automati-
cally amplifying rate controlling function-equipped ampli-
fier mn the nondestructive testing apparatus according to
Embodiment 1 of this invention;

FIG. 8 1s a view showing an example of an output 1n a
frequency band 1n accordance with the nondestructive test-
ing apparatus according to Embodiment 1 of this invention;

FIG. 9 1s a view showing a simulation example of a
control system without a positive feedback 1 accordance
with the nondestructive testing apparatus according to
Embodiment 1 of this invention;

FIG. 10 is a view showing a simulation example (with the
positive feedback) of the positive feedback control system of
the nondestructive testing apparatus according to Embodi-
ment 1 of this invention;

FIG. 11 1s a view showing a measurement example of a
fransient state by the nondestructive testing apparatus
according to Embodiment 1 of this invention;

FIG. 12 1s a view showing a measurement example of a
normal state by the nondestructive testing apparatus accord-
ing to Embodiment 1 of this invention;

FIG. 13 1s a view showing a thickness measurement
example by the nondestructive testing apparatus according
to Embodiment 1 of this imnvention;

FIG. 14 1s a view showing the constitution of a variable
filter 1n accordance with a nondestructive testing apparatus
according to Embodiment 2 of this invention;

FIG. 15 1s a view showing a frequency characteristic of an
ideal band filter 1n accordance with Embodiment 2 of this
mvention;

FIG. 16 1s a view showing an internal structure of the
measurement object 1n accordance with Embodiment 2 of
this 1nvention;

FIG. 17 1s a view showing a characteristic of the variable
filter of the nondestructive testing apparatus 1n accordance
with Embodiment 2 of this invention;

FIG. 18 1s a flowchart showing an example of a measure-
ment process using the nondestructive testing apparatus in
accordance with Embodiment 2 of this imnvention;
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FIG. 19 1s a flowchart showing another example of a
measurement process using the nondestructive testing appa-
ratus 1n accordance with Embodiment 2 of this invention;
and

FIG. 20 1s a view showing a system configuration a
conventional acoustic elastic wave method by a hammer.

BEST MODE FOR CARRYING OUT THE
INVENTION
Embodiment 1

A nondestructive testing apparatus according to Embodi-
ment 1 of this invention will now be described with refer-
ence to the drawings. FIG. 1 1s a view showing a system
conflguration of the nondestructive testing apparatus accord-
ing to Embodiment 1 of this invention. FIG. 2 1s a view
showing the constitution of a magnetostrictive vibrator of
the nondestructive testing apparatus according to Embodi-
ment 1 of this invention. In the drawings, the same reference
numerals denote the same or corresponding parts.

In FIG. 1, reference numeral § denotes a magnetically
excited current feeding device, reference numeral 6 denotes
an measurement object, reference numeral 7 denotes a wave
receiver, reference numeral 8 denotes a filter, reference
numeral 9 denotes an automatically amplifying rate control-
ling function-equipped amplifier, reference numeral 10
denotes a signal processor for processing a signal detected
by the wave receiver 7, reference numeral 11 denotes a
display device for displaying a signal waveform detected by
the wave receiver 7 or a process result obtained by the signal
processor 10, and reference numeral 20 denotes a wave
fransmitter.

In FIG. 2, reference numeral 1 denotes a magnetostrictive
clement, reference numeral 2 denotes a magnetostrictive
vibrator, reference numeral 3 denotes a magnetically excit-
ing coil, and reference numeral 4 denotes a magnetic biasing
permanent magnet. Incidentally, this magnetostrictive vibra-
tor 2 constitutes the wave transmitter 20. The arrow 1ndi-
cates a vibration direction.

The operation of the nondestructive testing apparatus
according to Embodiment 1 will now be described.

A magnetostrictive material has such characteristics that
when 1t 1s placed within the magnetic field, the material
ogenerates a slight strain 1n 1ts direction and the magnitude of
the strain and the direction of the strain are determined in
accordance with the intensity and the direction of the
magnetization. For the magnetostrictive element 1, thin
plates made of a magnetostrictive material are cut out into a
suitable shape, thermally and magnetically processed, and
are subjected to the insulating process one by one. The layers
are fixed to one another by an agglutinant. With such a
laminate configuration, the eddy current loss generated by
the magnetic excitation 1s reduced. The magnetostrictive
vibrator 2 1s formed by applying a solenoid type magneti-
cally exciting coil 3 to a core material of the magnetostric-
five element 1. When the magnetically excited current is
caused to flow through this magnetically exciting coil 3, the
magnetic field 1s generated in the mterior of the magnetically
exciting coil 3 in accordance with its magnitude. The
magnetostrictive element 1 generates a strain in accordance
with the magnitude of the generated magnetic field.

In the case where the magnetostrictive material having the
characteristics that 1t changes 1n a constant direction regard-
less of the direction of the magnetization, the vibration of a
cycle that 1s twice as large as that of the magnetic excited
current, and 1t 1s 1mpossible to obtain the oscillation as
desired even if a feedback loop 1s formed. Accordingly, the
magnetic biasing permanent magnet 4 1s mounted on the
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magnetostrictive vibrator 2 to give a magnetic bias for
suitably setting the operation point.

The resonant frequency point of the magnetostrictive
vibrator 2 1s determined by 1its length. For mstance, a length
of the minimum magnetostrictive element having a reso-
nance frequency of 10 kHz i1s about 25 c¢cm when the
longitudinal wave speed of the magnetostrictive material as
5,000 m/sec. It 1s possible to readily produce the magneto-
strictive vibrator having such a size. In comparison with the
piezoelectric vibrator, the mechanical Q value of the mag-
netostrictive vibrator 1s low. Accordingly, the degradation in
output efficiency 1s low even at a frequency other than the
mechanical resonance point.

Also, since the magnetostrictive vibrator 2 has such a
constitution, a stress caused by the vibration 1s not applied
to the magnetically exciting coil 3. The direction of the
laminate and the vibration direction are vertical, and a stress
that peels the agglutinant between the layers 1s not applied.
The magnetostrictive vibrator 2 thus has a mechanical
strength equivalent to the material strength of the magneto-
strictive material.

Incidentally, the magnetostrictive element 1 constituting,
the magnetostrictive vibrator 2 has a positive strain charac-
teristic so that the length thereof 1s elongated with orienta-
tion when 1t 1s magnetically excited. The magnetostrictive
clement 1 1s formed such that a plurality of magnetostrictive
thin plates having a metal-based crystal constitution made of
iron chromium alloy or 1ron cobalt alloy or the like are
laminated one on another under the condition that the
respective magnetostrictive thin plates are electrically
insulated, and the plates are bonded integrally with a ther-
mally curable resin to form an rigid body. A practical
magnetostrictive thin plate having the positive strain char-
acteristic may be suitably a Fe—Co magnetostrictive alloy
disclosed 1n Japanese Patent Application Laid-Open No. Hei
10-88301 entitled “Method of manufacturing Fe—Co alloy
plates” (for example, C: 0.008 wt %, Si: 0.08 wt %, Mn: 0.07
wt %, Co: 49.22 wt %, V: 1.546 wt %, Fe: the balance).

Since the lower the frequency of the magnetically excited
current, the smaller the 1mpedance of the magnetically
exciting coil 3 will become, the lower the frequency of the
applied voltage of the terminal of the magnetically excited
coll 3 needed for feeding a given magnetically excited
current, the lower the voltage will become. Accordingly, this
1s advantageous for the constitution of the magnetically
excited current feeding device 5.

On the other hand, when the frequency of the magneti-
cally excited current 1s 1ncreased, the loss within the lami-
nate confliguration 1s increased and the efficiency 1s
degraded. The loss 1s increased in accordance with the
thickness of the thin plates. In case of pure nickel well
known as a magnetostrictive material, when the thin plate
thickness 1s 0.2 mm, this leads to a reduction of the electric
mechanical conversion efficiency by about 30% at 10 kHz.
Accordingly, the magnetostrictive vibrator 2 1s a wave
transmitter suitable for applying the vibration that 1s equal to
or less than ten and some kHz in view of 1its constitution.

In view of the above, the magnetostrictive vibrator 2 1s
more suitable than the 1mpact hammer or the piezoelectric
vibrator for the application of the vibration of not higher
than several tens kHz that 1s needed for the nondestructive
testing of the engineering work structure such as a concrete
structure.

The magnetostrictive vibrator 2 1s fixed onto the mea-
surement objective surface of the measurement object 6 and
an acoustic signal (vibration) of the measurement object 6
such as a concrete structure 1s detected by the wave receiver
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7 such as an acoustic (vibratory) sensor to be converted into
an eclectric signal. After a band limit 1s put to the electric
signal converted by the filter 8, the amplifying rate 1is
automatically controlled by the automatically amplifying
rate controlling function-equipped amplifier 9 so that the
signal has a given signal amplitude. This 1s inputted into the
magnetically excited current feeding device 5 for feeding the
magnetically excited current to the magnetostrictive vibrator
2 (wave transmitter 20) to form a positive feedback loop.

FIG. 3 illustrates the constitution of a controlling system
for feedback exciting and vibrating the retflection wave
signal detected and for extracting only a frequency that
meets the vibration condition under which the loop 1is
constituted by the oscillation point, the reflection surface
and the signal receiving end. In the drawing, (L) is the
thickness (propagation distance) of the measurement object
6, (¢) is the longitudinal acoustic elastic wave propagation

speed within the measurement object 6 and (rl) is the

reflection coethicient at the end face of the measurement
object 6.

Having such a constitution, even 1if the reflection wave
signal 1s small, the reflection wave that meets the vibration
condition 1s automatically excited and vibrated by the feed-
back exciting and vibration so that the acceleration energy 1s
applied to the frequency corresponding to the distance to the
reflection surface. When the vibration condition 1s satisfied
at the specific frequency, the application of the energy
causes the frequency to grow, and the application 1s contin-
ued until the constant control at a constant signal/cain 1s
finally performed.

FIG. 4 1s a block diagram of the above-described feedback
controlling system. In the drawing, the propagation time T
1s obtained by the following formula where ¢ 1s the propa-
cgation speed of the longitudinal elastic wave of the mea-
surement object 6 and L is the distance to the end face (or
the internal reflection surface):

T=l/c

The reflection occurs at the end face 6b and this reflection
coellicient 1s given as rl. The reflection wave propagates
toward an oscillation surface through the measurement
object 6 and reaches an oscillation surface 6a 1n the propa-
cgation time T. This wave 1s further reflected at the oscillation
surface 6a and the propagation to the end face 6b 1s repeated
again. The reflection coeflicient at the oscillation surface 6a
1s given as r0.

Now assume that X 1s the trigger input of the oscillation
and Y 1s the output at the wave receiver 7. Also, assume that
3 1s the feedback gain of the positive feedback loop and A
1s the amplifier gain. Here, the amplifier gain A represents
the total gain of the automatically amplifying rate control-
ling function-equipped amplifier 9, the magnetically excited
current feeding device § and the wave transmitter 20, and the
feedback gain 3 1s the total gain of the wave receiver 7 and

the filter 8.

The automatically amplifying rate controlling function-
equipped amplifier 9 1s an amplifier with the PID control
function composed of elements for calculating a root mean
square (RMS) of the input signal, i.e., a proportional element
(P), an integration element (I) and a differentiating element
(D).

If the propagation delay to the reflection surface 1s rep-
resented by a Laplace transtorm, the formula 1s given as
follows:
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Furthermore, the propagation delay from the interface is
ogrven as follows:

L
c

e &

Therefore, the output Y is given as the formula (1):

(1)

ey | Bl

&

A-rl-f_z

Y = — . X

l=(rro+rAfB)-e ¢’

Incidentally, 1in the case where the positive feedback 1s not
cifected, the output 1s given as APB=0, and the output Y 1s as
follows:

_oL la
Fl'fzﬂs _25[_*5 _ ( )

X =ri-e “c -(1+F-E
ZLS

l —rirg-e& “c¢

L

L
255 L 2. 74 & A)X

Y =

where r=V/(r;r,). The reflection coefficient is r<1 although
depending upon the characteristics of the measurement
object.

As 1s apparent from the expansion (1a), after the genera-
tion of the trigger signal (t=0), the first wave r, X appears
with t=2L/c (longitudinal elastic wave) and thereafter the
second and third reflection waves are detected, and attenu-
ated as follows: r,rX,r,r"X,r,r"X,A

By the positive feedback, r,r,, the denominator of the
formula (1a) is r,,ro+r; AP.

If r;ro+r,Ap=K, the formula (1) outputs at the cycle

T=2L/c by the positive feedback, a cyclic wavelorm formula
(2) in which the waveform in each cycle is K- X(0 t T).

Y = (2)

L L L L
Ay -E_ZES-(I FR2. e K oY A KM p R +A)-X

Af 1s adjusted to an appropriate value so that the output
1s constantly i1ssued.

Subsequently, the oscillation condition 1s clarified. The
oscillation condition is obtained from the formula (1) when
the denominator 1s not smaller than 0, and 1s expressed by
the following formula (3).

L
1 —(riro + 1 AB) - °¢* <0 (3)

Namely, this may be replaced as follows:

o | b=

2

2 A

"_:F’IF”D+FA18 (3a)

Namely, the oscillation condition may be represented as
follows:

8 The gain of (1'1£2+r1 Ap) 1s 1 or more than 1.
The phase of e **”° is equal to the phase of (r;r,+r; AP).
Where (r,r +r, Afp) is a real number, i.e., when there is no
frequency dependency, w=c/L. nit according to the condition
i1).
Namely, when f=c/2L. n(n=1,2, . . . ), the oscillation
condition 1s met. Namely, n=1 1s a basic frequency, n=2 1s a
secondary harmonic, and onward { =c/2L. n 1s the n-th

harmonic.
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According to the gain condition 1) and the phase condition
i1), the oscillation condition is determined. A suitable fre-
quency characteristic 1s given to the filter and the amplifier
within the positive feedback to thereby control the oscilla-
tion by the harmonics. A low band pass filter (LPF) is
applied as a filter for suppressing the harmonics.

In this case, r;r,+r; A(jw)P(jw) represents the frequency
dependency shown 1n FIGS. 5 and 6.

On the other hand, in the same manner, ¢“*’¢ has the
frequency dependency that the phase changes periodically at
a cycle cmt/2L at the gain 1 shown 1n FIGS. 5 and 6.

The oscillation frequencies are 1n the oscillation region
that meets the gain condition 1 FIGS. 5 and 6 showing
board diagrams and are oscillation points (solid black points
in the drawings) that satisfy the phase condition. In the case
where the band of FIG. 5 1s wide and a plurality of
harmonics are included 1n this band, the oscillation occurs at
the frequency that has the lowest order 1n this band.

Due to the phase characteristics of the filter, the oscillation
frequency 1s offset from the basic frequency and 1its har-
monic. However, the phase characteristics of the pass band
are set 1n the vicinity of zero to thereby make 1t possible to
keep the precision that 1s needed for the measurement.

Once the oscillation occurs, the oscillation frequency 1s
stabilized. This 1s because, even 1f the frequency offset 1s
generated by the positive feedback 1n which the propagation
cycle 1s used as the basic signal, a compensation signal
output for correcting 1t 1s outputted from the positive
feedback, and the frequency 1s again converged to the
oscillation frequency that 1s determined by the propagation
cycle. Namely, when the oscillation condition is offset, the
level of the reflection wave signal 1s lowered and the gain of
the automatically amplifying rate controlling function-
equipped amplifier 9 1s increased.

Also, since the phase of A f3 1s also shifted 1n a direction
returning to the oscillation frequency as the gain changes,
the control 1s effected to meet the oscillation condition again.

The process to the oscillation 1s as follows:

(1) First of all, a trigger signal X is generated. The trigger
signal may have a pulse inputted purposely therein to or may
be an impact signal that 1s generated when the wave trans-
mitter 20 1s brought i1nto contact with the measurement
object 6.

(2) When the trigger signal is generated, the signal is
amplified through the amplifier 9, and the longitudinal
clastic wave 1s propagated to the measurement object 6 and
propagated to the end face 6b and reflected thereat. Upon the
reflection, an attenuation of the signal level defined by the
reflection coefficient (r,) is generated.

(3) The reflection wave is propagated in the opposite direc-
tion from the end face 6b toward the transmitted wave
surface and 1s detected at the received wave surface by the
wave receiver 7.

(4) The wave receiver 7 outputs this reflection wave signal
to the filter 8.

(5) The filter 8 outputs the signal that is limited to the band
to the automatically amplifying rate controlling function-
equipped amplifier 9.

(6) The automatically amplifying rate controlling function-
cquipped amplifier 9 compares the signal level with the
setup value. In the case where the signal level 1s smaller, the
gain 1s Increased on the basis of the difference therebetween.
This amplified signal 1s outputted to the magnetically
excited current feeding device S.

(7) Out of the signal components thus far described, the
frequency component that meets the oscillation condition 1s
repeatedly circulated through the positive feedback loop,
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and 1s finally converged 1nto a sine wave having the oscil-
lation frequency. The change to the sine curve is due to the
fact that the high frequency component or the low frequency
component 1s attenuated by the filter within the positive

feedback.

(8) The oscillation frequency {, is automatically extracted
through the above-described (1) to (7).

FIG. 7 1s a view showing the constitution of an automati-
cally amplifying rate controlling function-equipped ampli-
fier. In the same drawing, reference numeral 111 denotes an
RMS calculator, and reference numeral 112 denotes a level
setter for setting the level of the feedback signal. Also,
reference numeral 113 denotes an adder with polarities for
calculating the difference of the outputs between the RMS
calculator 111 and the level setter 112 and for outputting the
signal to a proportional amplifier 114, an integrator 115 and
a differentiator 116 thereafter. Furthermore, reference
numeral 117 denotes an adder with polarities and reference
numeral 118 denotes a proportional amplifier.

The above adder 113 with polarities, proportional ampli-
fier 114, mtegrator 115, differentiator 116, adder 117 with
polarities and proportional amplifier 118 constitute the PID
calculator, to output the correction output so that the output
of the RMS calculator 111 corresponds to the level set by the
level setter 112. The final stage amplifier 119 amplifies the
signal 110 inputted by the amplifier 120 that uses the
correction output thus calculated as the gain adjustment
signal and automatically controls the amplifying rate of the
signal.

The RMS calculator 111 performs the square root calcu-
lation of the mean square value of the input signal and
calculates the level of the input signal.

The respective gain, mtegration time and differentiation
fime of the proportional amplifiers 114 and 118, the inte-
orator 115 and the differentiator 116 are adjusted to optimum
values by a tuning method of the PID control that 1s
generally well known.

The feature of this method 1s that only the wave of the
frequency that matches the phase of the reflection wave 1s
automatically selected, and kept on oscillating continuously
at a single frequency by the positive feedback regardless of
the level and the form of the signal of the reflection wave.
This 1s stable and high in precision 1n comparison with a
method of measuring the propagation time from a temporary
received wave signal that attenuates, which 1s adopted 1n a
conventional method.

According to the conventional method, the propagation
fime had to be calculated from the interval by causing the
trigger waveform to correspond to the rising point or falling
point of the signal of the reflection wave or the like.
However, the attenuation generated within a measurement
object 1in the propagation or the deformation of the wave-
form due to the diffusion occurs. It 1s not easy to judge this
correspondence. Also, the offset of the corresponding points
leads to the degradation 1 precision of measurement. On the
other hand, according to this invention, since the phase
controlling function of the positive feedback 1s utilized to
automatically realize the oscillation of the single frequency
regardless of the form of the received wave signal.
Accordingly, this oscillation frequency may readily be mea-
sured with high precision by applying a Fourier function
transform (FFT) feature or a frequency counting feature or
the like.

FIG. 8 shows the frequency that normally oscillates,
which 1s expressed by a frequency region through the FFT.

A simulation example will be shown 1 FIGS. 9 and 10.
FIG. 9 shows the state in which the signal naturally attenu-
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ates without any action of the positive feedback. FIG. 10
shows the state in which the positive feedback works so that,
after the trigger signal occurs, the signal 1s amplified by the
feedback and the normal oscillation occurs at f=c/2L.

Next, the measurement example 1s shown in FIGS. 11 and
12. FIGS. 11 and 12 show a detection example of a high
tension pile at 8 m (=8,000 mm) made up of concrete
structures. FIG. 11 1s a view showing a transient phenom-
enon to the normal oscillation by the positive feedback.
Also, FIG. 12 1s a view showing the normal oscillation
condition after the normal oscillation.

FIG. 11 shows a process in which the drive current and the
received wave signal are converged to a constant frequency
and a process 1n which the frequency spectrum thus devel-
ops a peak at the oscillation frequency.

Also, FIG. 12 shows a state 1n which the received wave
signal may be detected 1n a stable manner at the oscillation
frequency. This oscillation frequency is £;=(4250 m/s)/(2x8
m)=266 Hz (basic frequency). Inversely, the length of 8 m
may be measured from the elastic wave speed 4,250 m
within the concrete pile 6.

FIG. 13 1s the measurement example of the floor thickness
of a concrete structure. As shown 1n the lowest part of the
same drawing, the oscillation occurs at a frequency of
f=(3,456 m/s)/(2x0.18 m)x2=19.2 kHz (secondary
harmonic) corresponding to the floor thickness of 180 mm.
The measurement example of the frequency sweep 1s also
shown 1n the middle part of FIG. 13. It 1s understood that 1t
1s very difficult to determine the target frequency in the
frequency sweep while the measurement using the oscilla-
tion frequency according to the present mnvention 1s easy.

As shown 1n the above-described measurement examples,
the oscillation frequency oscillates at a frequency having a
positive 1teger factor larger than a half-wavelength of the
wavelength determined by the speed of the acoustic elastic
wave. This corresponds to the distance to the reflection
surface or the transmission distance. Accordingly, 1f the pass
band of the filter 8 1s set in advance 1n the target band out
of the resonance frequency obtained by the propagation
speed of the acoustic elastic wave and the transmission
distance or the distance to the reflection surface, 1t 1s
possible to accurately obtain the change of the sonic speed
of the object 6 to be 1mspected, the transmission distance, the
distance to the internal reflection surface, and the like.

The nondestructive testing apparatus 1n accordance with
Embodiment 1 of this invention 1s provided with the wave
transmitter 20 by the metal-based magnetostrictive vibrator
2, the magnetically excited current feeding device § for
feeding the magnetically excited current to the magneto-
strictive vibrator 2, the wave receiver 7 for detecting the
acoustic elastic wave propagating through the measurement
object 6, the automatically amplifying rate controlling
function-equipped amplifier 9 for automatically controlling
the amplifying rate so as to obtain a given magnitude of
amplitude regardless of the magnitude of amplitude of the
reflection wave or transmission wave detected by this wave
receiver 7, and the filter 8 for extracting the signal of the
target frequency band to be measured, which constitute the
feedback loop. The apparatus 1s further provided with the
signal processor 10 such as a calculator or the like for
processing the signal detected by the above-described wave
receiver 7 and the display device 11 for displaying the signal
waveform detected by the above-described wave receiver 7
or the process result obtained by the above-described signal
processor 10.

Namely, in the nondestructive testing apparatus according,
to Embodiment 1 of this invention, the magnetostrictive




US 6,202,490 Bl

13

vibrator 2 1s fixed to the concrete structure 6 to be measured,
the acoustic level of the structure 6 to be measured is
detected by the wave receiver 7 such as an acoustic sensor
or the like, and the band limit 1s applied to the detected
acoustic signal by the filter 8, after which the amplifying rate
1s automatically controlled by the automatically amplifying
rate controlling function-equipped amplifier 9 so as to obtain
a given signal amplitude. This 1s inputted into the magneti-
cally excited current feeding device 5 of the above-described
magnetostrictive vibrator 2 to form the feedback loop. For
this reason, 1f the concrete structure 6 to be measured
becomes a part of the feedback loop and the amplifying rate
1s suitably set, the feedback loop starts the oscillation 1n
accordance with the pass band of the filter 8. When the pass
band of the filter 8 1s set appropriately, the oscillation of the
resonance frequency determined by the shape of the mea-
surement object and the propagation speed of the acoustic
clastic wave occurs. This oscillation frequency 1s uniquely
determined so that the inspection may be performed with
high reproducibility and high precision.
Embodiment 2

A nondestructive testing apparatus according Embodi-
ment 2 of this invention will now be described with refer-
ence to the drawings. FIG. 14 1s the constitution of a variable

filter of the nondestructive testing apparatus according to
Embodiment 2 of this invention. In this embodiment 2, the

variable filter 1s used instead of the filter according to
Embodiment 1 but other constitution 1s the same as that of
Embodiment 1.

FIG. 14 shows a state variable filter as an example of the
variable filter 8A. In the drawing, reference numeral 121
denotes a filter characteristic setter for setting and storing a
center frequency 10 and a band width B of the variable filter
8A using a keyboard (alphanumeric mput keys). In the filter
8 A shown 1n this drawing, a cascade of a high pass filter 124
and a low pass filter 125 constitutes a band pass filter.
Resistors R6 and R7 within a circuit of the high pass filter
124 and resistors R6 and R7 within a circuit of the low pass
filter 125 are constituted by resistor arrays 123a, 1235, 123c¢
and 123d, respectively. Namely, 1n each of R6 and R7, a
plurality of resistors (resistor array) are connected in parallel
as desired. A resistor value controlling circuit 122 performs
the calculation so as to obtain the center frequency and the
band width set by the filter characteristic setter 121 1in
advance and controls a combination of the respective resis-
tor arrays of R6 and R7 of the high pass filter 124 and the
low pass filter 1235.

FIG. 15 1s a view showing a characteristic when the
above-described variable filter 8A 1s used as an 1deal band
pass {ilter. In the drawing, reference numeral 41 represents
a stop band, reference numeral 42 represents a pass band and
reference numeral 43 represents a stop band. The filter
having the center frequency and the band width adjustable
automatically or manually, and having a narrow band 1s
employed. The filter having a characteristic of extremely
small phase change within the band width must be chosen.
As an example of the filter in which the phase change 1s
small, a Butter worth filter may be used and it 1s possible to
design the filter with a minimum phase change at the center
frequency.

On the other hand, FIG. 16 1s a view showing an internal
structure of the measurement object 6. In the drawing,
reference numeral 61 1s a crack that 1s present 1n the interior,
reference numeral 62 denotes an internal gap, and symbol 65
denotes an end face of the measurement object 6. There are
various constitutions corresponding to the internal structure
other than the above. However, the present embodiment will
now be described while being limited to the above-described
state.
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Assuming that the center frequency of the filter 1s 1, and
the band width 1s B, the band of the filter 1s limited by B and
(1) of the oscillation condition described in conjunction with
Embodiment 1 1s available for only a part within the band,
and the frequency capable of oscillating 1s selected from the
phase condition (2).

More specifically, 1n accordance with this band, the

following range 1s a possible measurement range.

C C

01, =
fivs)  2f-3)

(3)

L =

In other words, the value of the center frequency {, 1s
shifted automatically or manually, so that a possible mea-
surement range 1s changed and the specific range may be
selectively measured.

By simultancously satisfying the oscillation conditions
(1) and (Q), the oscillation frequency is determined. In the
case where the band of @ 1s wide and a plurality of
oscillation frequencies are included 1n this band, one having
a high level 1s selected out of the reflection waves.

With respect to AP, the frequency characteristic (gain,
phase) is changed according to the automatically amplifying
rate controlling function-equipped amplifier 9 and the filter
characteristic. However, in general, a band pass filter (BPF)
obtained by composing a low pass filter (LPF) and a high
pass filter (HPF) 1s used.

In FIG. 16, the elastic wave traveling through the mea-
surement object 6 reaches the crack 61 and the reflection
wave 1s generated at the crack surface. When this reflection
wave reaches the oscillation surface 64, the propagation time
corresponding to the distance may be detected. Furthermore,
when another gap 62 1s present behind that, the elastic wave

traveling through the measurement object 6 also genecrates
the reflection wave therein and this reflection wave also
reaches the oscillation surface 6a.

The effect of detection of the internal structure of the
measurement object 6 by the variable filter 8A 1n accordance
with Embodiment 2 will now be described.

FIG. 17 1s a view showing the characteristic of the
variable filter. In the same drawing, reference numerals 131
and 132 represent the filter characteristics 1n the cases where
the characteristics of the variable filters have the wide band
and the narrow band, respectively.

In the internal structure of the measurement object 6
shown 1n FIG. 16, assume that fl1, {2 and 3 are the
oscillation frequencies corresponding to the distance L1 to
the crack 61, the distance L2 to the gap 62 and the distance
[.3 to the end face 6b, respectively.

The band width 1s set small in the filter character setter
121 shown 1n FIG. 14 so that the variable filter 8A 1s set to
the narrow band filter 132. Also, when the designated value
of the center frequency 10 1s gradually increased by the
resistor value controlling circuit 122 and the value 1s shifted
from the low frequency toward the high frequency side, as
shown 1n the 1nitial oscillation patterns 1324 to 1325 of FIG.
17, the oscillation frequency 1s shifted. Symbol 13256
denotes the case where the pass band of the narrow band
filter 132 includes the oscillation frequency 12 1n the gap 62.
At this time, the oscillation frequency 12 1s maximum. Thus,
the void position of the internal structure of the measure-
ment object 6 may be calculated from 12.

Thereafter, the oscillation by the positive feedback and
the calculation of the oscillation frequency are the same as
those 1n Embodiment 1. The thus far measurement process

1s shown by flowcharts in FIGS. 18 and 19.
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Namely, in steps 141 to 144 of FIG. 18, the variable filter
8A 1s set 1n the entire band and the wave transmitter 20 and
the wave receiver 7 are set on the measurement object 6.
Then, the oscillation 1s started.

Next, in steps 145 to 147, if the constant oscillation
occurs, the FFT transform 1is started 1in the signal processor
10 and the frequency spectrum 1s shown on the display
device 11.

Next, 1in steps 148 to 150a, 1n case of a thickness mea-
surement mode, the longitudinal acoustic elastic wave speed
of the measurement object 6 1s mputted, on the basis of
which the thickness of the measurement object 6 1s calcu-
lated by the signal processor 10. The result 1s shown on the
display device 11.

Also, 1n steps 1495 to 150b, 1n case of an acoustic elastic
wave speed measurement mode, the thickness of the mea-
surement object 6 1s inputted, on the basis of which the
longitudinal acoustic elastic wave speed of the measurement
object 6 1s calculated in the signal processor 10. The result

1s shown on the display device 11.

Also, 1n steps 151 to 153 of FIG. 19, the wave transmitter
20 and the wave receiver 7 are installed on the measurement
object 6 and the oscillation 1s started.

Next, 1n step 154, the center frequency 10 of the variable
filter 8A and the band width B are set and inputted.

Next, 1 steps 155 to 157, if the constant oscillation
occurs, the FFT transform 1s started in the signal processor
10 and the frequency spectrum 1s shown on the display
device 11.

Next, 1n steps 158 to 160, the acoustic elastic wave speed
of the measurement object 6 1s mputted, on the basis of
which the thickness of the measurement object 6 1s calcu-
lated 1n the signal processor 10. The result 1s shown on the
display device 11. Also, this 1s the case 1n the amplifying rate
of the amplitude amplifier 9 with the automatically ampli-
fying rate controlling function.

Subsequently, 1n steps 161 to 162, the center frequency 10
is set to f0=f0-df0 (for example, dfO=10 /10). Then, unless
the measurement 1s finished, the program returns to step 154,
and the process from step 154 to step 161 1s repeated.

The nondestructive testing apparatus 1n accordance with
Embodiment 2 of this invention i1s provided with the variable
filter 8 A having the function to automatically or manually
change the target frequency band to be measured.

Namely, 1n the nondestructive testing apparatus 1in accor-
dance with this Embodiment 2, since the variable filter 8A
in which any desired pass band may be automatically or
manually set 1s provided 1n the feedback loop, any desired
resonance frequency may be extracted out of the resonance
frequencies of the measurement object 6. It 1s possible to
perform the accurate inspection even if the measurement
object 6 or the target frequency band to be measured is
changed.

Embodiment 3

The automatically amplifying rate controlling function-
equipped amplifier 9 controls the output in correspondence
with the intensity level of the reflection wave signal to be
detected by the positive feedback. Namely, when the retlec-
fion wave signal 1s small, the amplifying rate 1s increased,
and when the reflection wave level 1s large, the output level
1s decreased.

On the other hand, the amount of reflection of the reflec-
fion wave from the measurement object 6 1s changed 1in
accordance with the crack 61 within the object or the size of
the gap 62. In general, the larger the damage, the more the
reflection becomes. The smaller the damage, the less the
reflection becomes. For this reason, the level of the reflec-
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tion wave can reflect the internal state of the measurement
object 6. Namely, if the magnitude of the reflection wave
signal from the measurement object 6 1s detected, 1t 1s
possible to know the internal state.

The following formula (6) represents the output of the
automatically amplifying rate controlling function-equipped
amplifier 9 1n the oscillation state.

(6)

1 —mr 1
AB = 20=——f‘0
3 Fa

Thus, 1t 1s understood that, the smaller the reflectivity r2,
the larger the gain A of the automatically amplifying rate
controlling function-equipped amplifier 9 becomes and the
larger its output becomes. Thus, i1t 1s possible to infer the
degree of the damage of the internal structure of the mea-
surement object 6.

Namely, as shown in FIG. 7, the automatically amplifying
rate controlling function-equipped amplifier 9 has circuits
111 to 118 for outputting the correction amount of the
amplifying rate (amplifying signal 120 (gain adjustment
signal)) and the signal processor 10 obtains the state infor-
mation of the internal structure of the measurement object 6
in accordance with the above-described correction amount.
Also, the above-described information 1s displayed on the
display device 11.

The nondestructive testing apparatus 1n accordance with
Embodiment 3 of this invention 1s provided with the auto-
matically amplifying rate controlling function-equipped
amplifier 9 having a function of measuring the magnitude of
the reflection wave or the transmission wave 1n accordance
with the control signal (correction amount) of the amplifying
rate which 1s automatically set.

Namely, in the automatically amplifying rate controlling
function-equipped amplifier 9 of the nondestructive testing
apparatus 1n accordance with this Embodiment 3, the vibra-
tion level of the reflection wave or the transmission wave 1s
automatically measured 1in accordance with the control sig-
nal of the amplifying rate. For this reason, 1t 1s possible to
quantitatively detect the state of the internal structure or the
abnormal portion of the measurement object 6.

INDUSTRICAL APPLICABILITY

As described above, the nondestructive testing apparatus
in accordance with this mvention 1s provided with a wave
transmitter for injecting an acoustic elastic wave 1nto a
measurement object on the basis of the magnetically excited
current, a magnetically excited current feeding device for
feeding the magnetically excited current to the above-
described wave transmitter, a wave receiver for detecting the
acoustic elastic wave for propagating through the measure-
ment object and for outputting a received wave signal, a
filter for putting a band limit to the above-described received
wave signal, an automatically amplifying rate controlling,
function-equipped amplifier for amplifying the signal out-
putted from the above-described filter to a given amplitude
and for outputting the signal to the above-described mag-
netically excited current feeding device, and a signal pro-
cessor for extracting from the above-described wave
receiver a signal of an oscillation frequency of a positive
feedback loop composed of the above-described wave
transmitter, the above-described measurement object, the
above-described wave receiver, the above-described filter,
the above-described amplifier and the above-described mag-
netically excited current feeding device and for processing
the signal. Accordingly, the apparatus ensures the effect that
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the 1spection may be performed with high precision and
high reproducibility.

Also, as described above, 1n the nondestructive testing
apparatus in accordance with this invention, the above-
described wave transmitter 15 a magnetostrictive vibrator
composed of a magnetostrictive element, a magnetically
exciting coil and a magnetic biasing magnet. Accordingly,
the apparatus ensures the effect that the inspection may be
performed with high precision and high reproducibility.

Also, as described above, the nondestructive testing appa-
ratus 1n accordance with this mvention 1s further provide
with a display device for displaying the signal waveform
detected by the above-described wave receiver or the pro-
cess result obtained by the above-described signal processor.
Accordingly, the apparatus ensures the effect that the inspec-
fion may be performed with high precision and high repro-
ducibility.

Also, as described above, 1n the nondestructive testing
apparatus in accordance with this invention, the above-
described filter 1s a variable filter for selectively extracting
a single frequency out of a plurality of resonance frequen-
cics determined by the shape and the internal structure of the
measurement object. Accordingly, even if a measurement
object or a target frequency band to be measured 1s changed,
it 1s possible to ensure the accurate mspection.

Furthermore, 1in the nondestructive testing apparatus in
accordance with this invention, the above-described ampli-
fier has a circuit for outputting the correction amount of the
amplifying rate so that the above-described signal processor
obtains the state information of the constitution of the
measurement object 1n accordance with the correction
amount. Accordingly, it 1s possible to quantitatively detect
the condition of the abnormal portion or the internal struc-
ture of the measurement object.

What 1s claimed 1s:

1. A nondestructive testing apparatus comprising;:

a wave transmitter for injecting an acoustic elastic wave
into an measurement object on the basis of a magneti-
cally excited current;
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a magnetically excited current feeding device for feeding
the magnetically excited current to said wave transmit-

ter;

a wave receiver for detecting an acoustic elastic wave

propagating through the measurement object and for
outputting a received wave signal;

a {ilter for putting a band limait to the received wave signal;

an automatically amplifying rate controlling function-
equipped amplifier for amplifying a signal outputted
from said filter to a given amplitude and for outputting
the signal to said magnetically excited current feeding
device; and

a signal processor for extracting from said wave receiver
a signal of an oscillation frequency of a positive
feedback loop composed of said wave transmitter, the
measurement object, said wave receiver, said filter, said
amplifier and said magnetically excited current feeding,
device and for processing the signal.

2. The nondestructive testing apparatus according to
claim 1, wherein said wave transmitter 1s a magnetostrictive
vibrator composed of a magnetostrictive element, a mag-
netically exciting coil and a magnetic biasing magnet.

3. The nondestructive testing apparatus according to
claim 2, further comprising a display device for displaying
the signal wavetorm detected by said wave receiver or the
process result obtained by said signal processor.

4. The nondestructive testing apparatus according to
claim 3, wherein said filter 1s a variable filter for selectively
extracting a single frequency out of a plurality of resonance
frequencies determined by a shape and an internal structure
of the measurement object.

5. The nondestructive testing apparatus according to
claim 3, wherein said amplifier has a circuit for outputting
a correction amount of an amplifying rate so that said signal
processor obtains state information of the constitution of the
measurement object 1n accordance with the correction
amount.
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